Superfine polyaniline (PANI) nanoflowers (NF) with protruded whiskers at the edge of the flowers were produced on the surface of nanodiamonds (NDs) using cetyltrimethylammonium bromide (CTAB) as a soft template and fine tuning the graft co-polymerization conditions. Typically, the amount of aminofunctionalized ND (ND-NH 2 ) and the soft template CTAB used in the graft polymerization plays an important role in directing the NF morphology. The correlation between the amount of ND-NH 2 and morphology has been discussed in terms of secondary nucleation for PANI growth. More importantly, the ND-grafted PANI (ND x -g-PANI) NF exhibits a superior performance for glucose detection and possesses wider linear concentration range (1-30 mM), low detection limit (0.018 mM), and high sensitivity (2.03 mA mM
Introduction
Glucose is a universal nutrient that performs fundamental roles in energy supply, carbon storage, biosynthesis, and cell wall formation. Diabetes mellitus is a common metabolic disorder and the control of blood glucose is highly necessary to reduce the diabetes-related complications such as cardiovascular disease, chronic renal failure, nerve damage, and blindness.
1,2
For the last 30 years, intensive studies have been conducted on the use of enzymes for bioelectrocatalysis towards the development of biosensors, bioreactors, and biofuel cells. [3] [4] [5] Traditionally, enzymes are used to detect glucose via a process involving the reduction of the enzyme and simultaneous oxidation of the glucose molecules. However, there are few issues related to the electrochemistry of enzymes at bare electrodes; for example, enzymes have a short lifetime and lose their activity at bare electrodes. 6 Moreover, there are electron transport issues associated with the long paths between the sites of a biocatalyst (enzyme) and the electrode. Thus, enzyme-based glucose sensors suffer from insufficient long-term stability, low sensitivity, and particularly complicated enzyme immobilization procedures. To resolve these problems, studies have been focused on the immobilization of enzymes at the electrode surface using different strategies. 7, 8 The strategies of enzyme immobilization on the electrodes include covalent binding of enzymes or wiring of enzymes to the electrode using a linker, 9 sandwiching the enzymes between two layers of polymers, 10 employing multicomponents to maintain enzyme activity, 11 and entrapment in a polymer membrane/network. 12 Covalent binding decreases the enzyme activity and sandwiching techniques result in non-uniform distribution of the enzyme. Among the various approaches for enzyme entrapment, the use of conductive polymers (CPs) is attractive. [13] [14] [15] In the fabrication of biosensors, polyaniline (PANI) serves as a perfect matrix for the immobilization of enzymes 16, 17 and functions as a mediator to improve the signal application. 18, 19 The combination of carbon nanomaterials and PANI has been reported to be efficient in improving the sensitivity, selectivity, and stability of enzyme-based sensors.
20,21
Carbon nanotube (CNT)/PANI nanocomposites exhibit improved catalytic properties for biomolecules such as hydrogen peroxide, oxygen, glucose, and ascorbic acid.
22-25
Diamond has emerged as an electrode material because of its excellent electrochemical properties such as wide potential window, 26, 27 electrochemical stability, resistance to electrode fouling, 28 and insensitivity to oxygen dissolution in aqueous solution. 29 Diamond electrodes can be even used for the electrolysis of molecules with a high oxidation potential 30 both in aqueous and non-aqueous media.
31 Nanodiamond (ND) powder has found various applications such as intracellular imaging, drug delivery, biosensors, and biochips because of its biocompatibility, chemical inertness, chemical stability, wide potential window, and optical transparency. 32, 33 Moreover, undoped ND is an insulating material. The conductivity of ND can be improved by the introduction of impurities such as boron, nitrogen, phosphorous, and sulfur. 34 These impurities may accumulate in the intercrystalline regions and promote sp 2 carbon bonding in grain boundaries. 35 However, doping is not a unique approach to make diamond conducting.
Surface modications of ND have been facilitated due to the high surface area availability of unsaturated surface atoms. Surface modication of ND can induce a good dispersion of NDs in solvents and can modify its properties such as conductivity and electroactivity. Covalent surface modications of diamond particles are generally used in the process of improving the properties of NDs as well to introduce functional groups. The functionalized surfaces of diamond are excellent for the selfassembly of proteins. Garrido et al. 36 reported the modication of the surface layer of ND with amino groups for protein immobilization. A glucose sensor based on the covalent immobilization of glucose oxidase onto the surface of ND has been reported. 37 Multilayer lms of ND and hemoglobin were constructed via the layer by layer method, and the direct electron transfer was investigated. 38 The immobilization of antibodies onto silica-functionalized ND and its efficiency towards bacterial binding were investigated. 39 The use of polymer coatings on nanoparticles is very attractive. Li et al. 40 reported the preparation of a diamond-polymer nanocomposite by graing chains of poly(methyl methacrylate) through the atom transfer radical polymerization process. Polyethyleneimine-functionalized ND platforms (via covalent conjugation) were used as vehicles for gene delivery. 41 Actis et al. 42 reported the covalent linking of pyrrole units onto the boron-doped diamond surface through electropolymerization. The electrical conductivity of diamond was improved by polymerizing a layer of PANI on undoped ND.
52
The results indicated that the resistance of the diamond electrode is greatly reduced aer the deposition of PANI. However, note that the diamond/PANI composite reported in the earlier study 43 consisted of a layer of PANI over diamond and the PANI chains were not chemically linked to the diamond surface. This bilayer conguration is not suited for sensor applications. Nanostructured conduction polymers (NCPs) have been widely utilized for chemical/biological sensors. 44, 45 Among the different types of NCPs, the topological features of nanoowers (NF) have attracted the interest of scientists because of their high surfaceto-volume ratio, which is benecial for the enhancement of surface-based reactions. However, to date, no study has been reported on the utilization of owers, such as CPs graed on the ND backbone, towards enzyme immobilization and biosensor fabrication.
Herein, we report the preparation of ND-graed PANI NF (ND x -g-PANI) NF through a so template approach and their utilization towards the amperometric determination of glucose. The preparation conditions of ND x -g-PANI were optimized to obtain the desired NF morphology. Field emission scanning microscopy illustrates the formation of PANI NF on ND under the optimized conditions. The physicochemical characteristics of ND x -g-PANI-NF were evaluated through UV-visible spectroscopy, thermogravimetric analysis, and X-ray photoelectron spectroscopy. To the best of our knowledge, this is the rst time that this ND x -g-PANI-NF electrode has been used for the sensitive electrochemical detection of glucose. The fabricated sensor exhibits excellent selectivity, fast response, wide linear range, and good reproducibility for glucose detection.
Materials and methods

Chemicals
Synthetic diamond (K. Diamond; USA) with an average size of 130 nm, which was supplied as a gi sample, was washed with a mixture of 9 : 1 (v/v) concentrated H 2 SO 4 and HNO 3 . 46 The characterization details of the supplied ND have been reported elsewhere. 46, 47 The reproducibility of the ND sample towards sensor applications has been demonstrated earlier. 48, 49 Aniline, ammonium persulfate (APS), and polyethylene glycol diamine (PEGDA) were obtained from Sigma-Aldrich, S. Korea. Human serum (from human male A plasma, USA origin, sterile-ltered) was obtained from Sigma-Aldrich, S. Korea. Cetyltrimethylammonium bromide (CTAB) was obtained from TCI (S. Korea). Reagent grade glucose oxidase (GOx) (E.C 1.1.3.4, 151 U mg À1 , from Aspergillus niger; U: enzyme units) and glutaraldehyde were purchased from Sigma-Aldrich, Inc., USA. Double-distilled water (resistivity ¼ $19 MU cm) was used throughout the experiments. Aqueous solutions of analytes were prepared in 0.1 M phosphate buffer saline (PBS; pH 7) fresh at the time of experiments. Indium tin oxide (ITO)-coated glass (specic resistance of 15 U, Corning Inc., USA) was rst degreased with acetone and then washed in distilled water before use.
Preparation of ND x -g-PANI-NF
Two major stages were involved in the preparation of ND x -g-PANI-NF: (i) amine (-NH 2 ) functionalization of ND to give ND-NH 2 and (ii) surfactant (CTAP)-assisted gra polymerization of amine onto the ND-NH 2 surface. ND-NH 2 was prepared based on a similar procedure reported for the -NH 2 functionalization of multi-walled carbon tubes. 23, 25 The calculated amount of ND-NH 2 (x) (1, 5, and 10 mg) was dispersed in 42.7 mL of 1.0 M HCl containing 0.05 M CTAB and subjected to ultrasonication (BRANSON digital sonier) for 1 h to obtain a homogeneous dispersion. To the ND-NH 2 dispersion, 2.30 mL of aniline was added to achieve a concentration of 0.05 M aniline in the reaction system and stirred for 30 min. To the homogeneous dispersion, a precooled 5.0 mL solution of 0.25 M of APS was added dropwise and stirred for 6 h to obtain a green precipitate. The precipitate was dried at 60 C for 6 h and stored in a refrigerator at 4 C for 24 h. The product was identied as ND xg-PANI, where x denotes the amount of ND-NH 2 used in the polymerization process. For comparative purposes, a pristine PANI sample was prepared by maintaining similar experimental conditions as used for the preparation of ND x -g-PANI but in the absence of ND-NH 2 . Typically, 2.3 mL of aniline was added to 42.7 mL of homogeneous dispersion of CTAB (0.05 M) in 1.0 M HCl. Subsequently, 5.0 mL of 0.25 M aqueous APS in 1.0 M HCl was added dropwise and stirred for 6 h. The precipitate (pristine PANI) was collected and dried at 60 C for 6 h.
Fabrication of ND
x -g-PANI/GOx electrode. Precleaned ITO was used for the fabrication of a glucose sensor electrode. Typically, about 20 mg of ND x -g-PANI was dispersed in a solution containing about 0.8 mL of water and 0.2 mL of Naon solution in 5% ethanol and sonicated using a digital sonier for 10 min to form a colloidal paste. About 50 mL of paste was applied onto the surface of the ITO (area ¼ 1 cm 2 ) and dried in a vacuum oven at 25 C for 8 h. A solution of GOx (10 mg.mL À1 ) in 0.1 M PBS was prepared and stored at 4 C.
About 5 mL glutaraldehyde was added over the ND x -g-PANI layer coated on the ITO electrode and on top of that 20 mL GOx in 0.1 M PBS was added and allowed to dry at room temperature (25 C). The ND x -g-PANI/GOx electrode was preserved in a refrigerator at 4 C aer being washed with a 0.1 M PBS solution.
Instrumentation
The morphology of ND x -g-PANI was examined via scanning electron microscopy (FESEM) (Hitachi, S-4200, Japan). Samples were mounted on the microscope and sputtered with a thin layer of platinum particles before viewing. FESEM images were obtained at the accelerating voltage of 15 kV. The oxidation states of PANI were evaluated by X-ray photoelectron spectroscopy (XPS) (ULVAC-PHI model Quantera SXM). A Fourier transform infrared spectrometer (FTIR) (Jasco, IR-610, USA) was used to obtain the spectra of the polymers and composites using KBr pellets. The thermal stability (TG-DTA) (Seiko, TMA 120, Japan) of the samples was determined at the heating rate of 10 C min À1 under a nitrogen atmosphere over the temperature range of 30-800 C. Ultraviolet-visible optical absorption spectra (Shimadzu, UV-2101, Japan) of the samples were obtained using quartz cuvettes (1 cm) at room temperature in the range of 200-800 nm. Chronoamperometry was performed via IVIUMSTAT and COMPACTSTAT (The Netherlands) instruments using the three-electrode cell set-up comprising Pt wire (auxiliary), Ag/AgCl satKCl (reference), and modied indiumdoped tin oxide-coated glass plate (ITO) or glassy carbon (GC) (working) electrodes. The chronoamperometric response of ND x -g-PANI/GOx towards glucose was studied at the applied potential of +0.4 V under stirring. The current response was obtained as follows. Aer applying the potential (+0.4 V), the current was allowed to reach a stable value and small aliquots of glucose solutions were added at regular intervals, and then the response was obtained. The stock solution of glucose was prepared in 0.1 M PBS. The selectivity of ND x -g-PANI/GOx towards glucose was tested by performing experiments in the presence of generally known interfering substances. 
Results and discussion
Morphology
We optimized the conditions for ND x -g-PANI NF formation using different x values during gra polymerization and subsequently monitoring the morphology of the resultant product. Fig. 1 presents the FESEM images of various ND x -g-PANI materials obtained by changing x from 1 mg to 10 mg during gra polymerization. On examining the images shown in Fig. 1a -c, it can be noticed that x has a pronounced effect on the morphology of the resultant product. For comparison, the FESEM image of pristine PANI, prepared in the absence of ND-NH 2 , is presented Fig. 1d . Pristine PANI has an irregular ber-like morphology ( Fig. 1d) with an average diameter and length of $40 nm and $500 nm, respectively. The formation of PANI nanobers during the CTAB-assisted polymerization of aniline has been documented earlier. 51 The FESEM images in Fig. 1a-c show that the morphology varies from nanobers to nanoplates to NF with an increase in x during gra polymerization. Typically, ND 10 -g-PANI exhibits a well-dened ower-like morphology with pronounced whiskers. In the case of ND 1 -g-PANI, a attened ber-like morphology is observed (Fig. 1a) , which originates due to the secondary growth of PANI over the formed ND x -g-PANI in the initial stage. This is because PANI formation is nucleated on the surface of ND-NH 2 since the surface of ND-NH 2 acts as a heterogeneous nucleation site. Thus, the introduction of ND-NH 2 into the mixture of 1 M HCl/0.05 M CTAB solution prior to the polymerization of aniline induces the secondary growth of PANI and results in different morphologies as compared to that of the nanobers of pristine PANI (Fig. 1d) . The FESEM image of ND 5 -g-PANI (Fig. 1b) reveals the presence of extensively interlinked and attened bers or belts. Obviously, the increase in -NH 2 sites on the ND surface causes an increase in secondary nucleation sites, which results in cross-linking between them. Thus, the formation of NF in the case of ND 10 -g-PANI is ascribed to the extensive secondary nucleation and cross-linking reactions. When the number of -NH 2 sites is higher, as in the case of 10 mg ND-NH 2 , the -NH 2 sites nucleate and are converted into short PANI chains, which subsequently transform into whiskers to result in a NF (Scheme 1). Previous reports suggest morphological variations by these secondary nucleation processes.
52-54
Herein, we proposed a plausible mechanism for the evolution of the NF morphology (Scheme 1C). First, the conned microenvironment derived from ND-NH 2 allows the nucleation, growth, and assembly of PANI on the surface of ND. When the number of nucleating sites increases (as in the case of ND 1 -g-PANI), randomly oriented short bers may be formed on the surface of ND (Fig. 1a, Scheme 1A) . With a further increase in the number of ND-NH 2 sites, the short bers generated at the individual sites of the ND surface subsequently assemble and generate attened bers (Fig. 1a , Scheme 1B) through intermolecular interaction between the bers to result in petal-like structures. 55 It has been earlier reported that the introduction of nanocomponents such as carbon nanotubes or metal nanoparticles or even nanobers of PANI greatly inuences the morphology of the nal product.
56 A rough surface of PANI was observed when pristine ND was mixed with PANI.
57 Depending on the shape and size of CTAB aggregates in the reaction system, nanostructured PANI materials such as nanowires, 58, 59 nanoparticles, 60 and NF 52, 61 have been synthesized. In our study, we predicted the non-covalent functionalization of CTAB on the surface of ND-NH 2 .
62, 63 The CTAB molecules on the surface of ND-NH 2 generate different assemblies depending on x. Thus, CTAB acts as a so template to provide channels for PANI chains to grow into bers, belts, or NF.
UV-visible spectroscopy
The UV-visible spectra of ND x -g-PANI and pristine PANI obtained in NMP show three characteristic absorption bands (Fig. 2) around the wavelengths of 330 nm, 430 nm, and >750 nm. The presence of these three absorption bands indicate that the PANI chains in ND x -g-PANI are in the emeraldine salt (ES) form. 64 The peak at 330 nm is attributed to the p-p* transitions in the benzenoid rings. The other two absorption bands at around 430 and >750 nm are attributed to the polaron p* and p-polaron transitions, respectively. 65 As reported in the literature, the UV-visible spectrum of PANI in NMP exhibits two characteristic absorptions, a broad band at around 630-650 nm (corresponding to the excitonic transitions of the organic aciddoped PANI chain) and a prominent peak at 320 nm (corresponding to the p-p*transition) of the emeraldine base (EB) form of PANI. 65 It has been reported that the PANI ES salt, which mostly has an organic acid dopant, in NMP converts into the PANI EB form, whereas the de-doping of the PANI chains is predominant. 66, 67 It is known that the doping-dedoping of PANI Thus, under the conditions where reaction (2) is predominant, PANI is dedoped to PANI-EB. However, the dedoping of PANI chains in PANI-ES is not the predominant process in the cases where NMP-hydrogen bonding (reaction 2) is hindered by another competing process, which can result in the co-existence of doped and undoped states for PANI chains or the predominant existence of the doped state of PANI (PANI-ES). It has also been reported that the UV-visible spectrum of PANI nanostructures (prepared in the presence of CTAB) exhibits three bands that are characteristics of PANI-ES. 68 In this study, the three absorption bands that are characteristic of PANI-ES were observed in the UV-visible spectrum of ND x -g-PANI, which is prepared from an aqueous CTAB-HCl mixture. We attributed the following reason for the spectral features observed in this study. We employed a template (CTAB)-directed chemical oxidative polymerization for the synthesis of ND x -g-PANI and nanostructured pristine PANI. The surfactant CTAB, in addition to directing the morphology of the polymer, can also wrap-up the PANI chains through electrostatic interactions between the protonated ammonium sites of CTAB and Cl À ions in the doped PANI. [69] [70] [71] As a consequence, the Cl À ions doped into the PANI chains are trapped within the PANI chains to result in PANI-ES. The ratio of the peak intensity at l 330 nm and l 750 nm is an indication of the level of PANI chains doping. 72 It was observed that the doping was maximum for PANI and the value decreased with x in ND x -g-PANI ( Table 1 ). The physicochemical properties such as doping level and conjugation length are highly dependent on the morphologies such as nanobers, nanowires, nanorods, and NF, of the conductive polymers. 73, 74 It has been reported that the doping level of PANI nanostructures follow the trend nanobers > nanorods > nanoparticles. 75 The ber-like morphology of pristine PANI (Fig. 1d) could be the reason for the higher doping level ( Table 1) . The enhanced doping level and conjugation length for pristine PANI are expected to originate from the high aspect ratio of nanobers in pristine PANI (Fig. 1d ) compared to that of platelet/NF morphologies for ND x -g-PANI (Fig. 1a-c) .
X-ray photoelectron spectroscopy
The N1s core level spectra of ND x -g-PANI and pristine PANI were deconvoluted into Gaussian component peaks 76, 77 ( Fig. 3) . The core level N1s spectra were tted into three main chemical states due to the different chemical environments possible for PANI. The chemical states were imine (-NH]), amine (-NH-), and protonated amine and imine (Table 2) .
78
The results revealed that the PANI chains in pristine PANI and ND x -g-PANI existed in the emeraldine form containing both benzenoid amine (-NH) and quinoid amine (]N-) units. However, there are differences in the doping level of PANI chains (the contribution of -N + species to the total nitrogen content) between PANI and ND x -g-PANI. Pristine PANI is highly doped with the doping level of 48%. On the contrary, the doping level of PANI is much lower in ND x -g-PANI. This suggests that the inclusion of ND into the PANI chains decreases the doping level. The band at 830 nm is attributed to the C-H out of plane bending of the 1-4, disubstituted ring structures (para-para coupling) and likely signies the head to tail coupling of the monomeric structural units during aniline polymerization. The intensity ratio of Q to B is near unity for pristine PANI, suggesting the emeraldine salt-like form. However, the Q/B intensity ratio is shockingly low for ND x -g-PANI, suggesting a low level doping. These results are in accordance with the XPS results ( Table 2) .
Fourier transform infrared spectroscopy
Thermogravimetric analysis
The thermogravimetric curves of ND x -g-PANI and PANI are shown in Fig. 5 . ND x -g-PANI and pristine PANI demonstrate a three-stage weight loss. The initial weight loss at around 100 C is mainly attributed to the elimination of residual water, and the second stage weight loss from 220 C is due to the removal of dopant molecules. The third stage weight loss starting at around 380 C is caused by the decomposition of the PANI chains. 82 Table 3 shows the %weight loss at each stage and the residual weight (%) at 600 C. The residual weight% at 600 C increases with an increase in ND content in the composite, which is attributed to the fact that ND inclusion in ND x -g-PANI alters the thermal stability of the PANI backbone. The electrochemical properties and interfacial characteristics of ND 1 -g-PANI, ND 5 -g-PANI, ND 10 -g-PANI, and pristine PANI were investigated using cyclic voltammetry and electrochemical impedance measurements, respectively, and the details are presented in the ESI SI-1 and 2. † As is known, the applied potential has a denite inuence on the sensing performances of an electrochemical sensor. To determine the optimum potential for amperometric glucose measurements, amperometric studies ( Fig. SI-3 †) were conducted by varying the applied potential between +0.25 V and +0.65 V. Typically, the potential at the ND 10 -g-PANI/GOx-modied electrode was varied and the transduced current values were obtained for a 1 mM glucose solution in 0.1 M PBS. The glucose oxidation current was stable and maximum at +0.40 V (Fig. SI-3 †) . Hence, the operating potential of +0.40 V was chosen for further amperometric glucose measurements. Fig. 6a -d depict the amperometric responses upon the successive addition of glucose at the applied potential of +0.40 V for the enzymatic glucose biosensors ND 1 -g-PANI/GOx, ND 5 -g-PANI/GOx, ND 10 -g-PANI/GOx, and pristine PANI/GOx, respectively. The ND 10x -g-PANI/GOx biosensor exhibits a much higher linear current response for glucose in the concentration range of 1-30 mM, with the correlation coefficient of 0.995 (Fig. 6, inset) . This biosensor also exhibits a lower detection limit (0.018 mM) than that reported for multilayer lms of chitosan/ MWNT/GOx (21 mM). 84 The sensitivity of the glucose sensor increases from 1.13 mA mM À1 (ND 1 -g-PANI/GOx) to 1.49 mA mM
À1
(ND 5 -g-PANI/GOx) and then to 2.03 mA mM À1 (ND 10 -g-PANI/GOx).
The sensitivity of (ND 10 -g-PANI/GOx) is much higher than that of chitosan/MWNT/GOx (0.45 mA mM
), 84 Naon/GOx/CNTs (0.33 mA mM
), 85 and GOx-Ru/CF microelectrode (0.43 nA mM
).
86
The increased sensitivity with ND clearly demonstrates its compatibility with GOx for the sensitive determination of glucose. Table 4 shows the comparison between the glucose biosensor performances and various other PANI-based biosensors reported in the literature. Table 4 reveals two striking pieces of information: (i) the biosensor based on ND 10 -g-PANI NF exhibits much-improved sensitivity (2.03 mA mM
À1
), wider linear concentration range (1-30 mM), and lower detection limit (0.018 mM) and (ii) the ND 10 -g-PANI NF-based glucose sensor shows superior sensor performances than many PANI and carbon nanostructure (e.g. MWNT)-based biosensors (Table 4) .
Interferences
In the present study, an applied potential of +0.40 V was used to monitor the glucose concentration. Other electroactive species such as ascorbic acid (AA), dopamine (DA), and acetaminophen (AP) present in the sensing solution had higher electron transfer rates than glucose. As a result, the transduced net current would contain an interference signal. Thus, the concentration of glucose would be overestimated. Hence, it was essential to eliminate the current contributions from interfering substances. Naon, which has ion-exchange capabilities, can minimize the interferences caused by these electroactive species.
87 Fig. 7 represents the amperometric response of the ND 10 -g-PANI/GOx biosensor for 5 mM of glucose (a) with ascorbic acid (2 mM) (b), dopamine (2 mM) (c), and acetaminophen (2 mM) (d). It can be seen from Fig. 7 that the spiking interference solution did not alter the current response of the ND 10 -g-PANI/GOx biosensor. Thus, the ND 10 -g-PANI/GOx biosensor exhibits high selectivity towards sensing glucose.
Real sample analysis
The reliability and practical use of ND 10 -g-PANI/GOx were tested by estimating the glucose concentration in a human serum sample and comparing the value with a commercial glucose meter (CareCens™N, GM5051A, i-SENS, Inc., Korea). Table 5 presents the glucose levels separately determined using the fabricated ND 10 -g-PANI/GOx sensor and glucose meter. The glucose levels obtained at ND 10 -g-PANI/GOx agree well with the glucose values observed from the glucose meter. The recovery values for the added glucose concentrations were between 98.3 and 100.21%. With the root mean square deviation (R.S.D) value of $3.0% (n ¼ 3) for the recovery, ND 10 -g-PANI/GOx was proven to be useful for the detection of glucose in human serum samples.
Reproducibility, repeatability, and stability
The reproducibility, repeatability, and lifetime (stability) of the fabricated sensor were evaluated and the details are presented in SI-3. † The results revealed that the sensor has satisfactory reproducibility (RSD ¼ 1.2%, n ¼ 6), repeatability (RSD ¼ 1.42%, n ¼ 4), and good stability for 30 days (retaining 97% of its original current responses).
Conclusions
Nanoowers (NF) of PANI chains were graed onto the surface of nanodiamonds (ND) by optimizing the binding sites on the a Determined using a commercial glucose meter (CareCens™ N, GM5051A, i-SENS, Inc., Korea). b Determined using the ND 10 -g-PANI/ GOx biosensor.
c Number of measurements ¼ 3. Fig. 7 Effect of interfering signals of glucose (5 mM) (a), ascorbic acid (2 mM) (b), dopamine (2 mM) (c), and acetaminophen (2 mM) (d) at ND 10 -g-PANI/GOx. ND surface to augment secondary nucleation for PANI chains. The NF of PANI on ND caused the effective immobilization of glucose oxidase (the enzyme) and resulted in high performances (wide concentration range and low detection limit) for glucose detection. Our studies demonstrated a simple ower-like modication strategy on the surface of ND and also opened-up further avenues for the development of efficient biosensing platforms for other target molecules.
